I of research conducted for many years by my associates at the Institute of Therapy of the Academy of Medical Sciences in Moscow. The purpose of these studies was to observe the influence of different factors on the development of experimental atherosclerosis produced by feeding rabbits with cholesterol according to N. N. Anichkov's method. We have studied factors that both increased and retarded the development of experimental cholesterol atherosclerosis.
Our general program may be represented in the following way. Each study of the effect of a (ertain agent administered in combination with cholesterol comprised 2 groups of animals: control and experimental. Both control and experinental groups of rabbits received per os an equal amount of cholesterol together with food.
The amount ranged from 0.1 to 0.2 Gm. per Kg. of weight daily for 100 days. In addition, the experimental groups received some other factor during the whole period or part of it. Furthermore, additional control studies were made of the possible effect on the vessels of the factor alone without administration of (holesterol. In every series of experiments the animals were of approximately similar weight, age, and sex.
The following factors have been studiekd: (1) some vitamins; (2) neurotropic drugs acting on the higher parts of the nervous system; (3) anticoagulants; and (4) anoxia and muscular exercise.
T he blood cholesterol was systematically de- in October 1956. 99 termined in all animals at intervals from 10 to 15 days.
At the end of the experimental period the rabbits were killed, and the aorta and the coronary arteries were examined. The arteries were immersed for a certain time in a solution of Sudan III so that the lipoid-infiltrated parts of the blood vessels were colored bright red. The degree of lipoidosis was graded on a scale of 1 to 4 plus.
Histologic examination was made in some cases.
EFFECT OF VITAMINS
Among the various vitamins, some, such as vitamin B, and riboflavin, exercised no definite influence on the degree of development of experimental atherosclerosis. Other vitamins, such as vitamin A and nicotinic acid, influenced the development of experimental atherosclerosis when administered in doses larger than the usual clinical doses. On the other hand, 2 ,vitamins, vitamin D2 and vitamin C (ascorbic acid), had a very marked effect.
Vitamin D12. The investigations conducted by 1\V. V. Bavina showed that the administration of vitamin D2 with food drastically increased both the degree and rate of development of alimentary hypercholesterolemia and the intensity of the aortic lipoidosis. These investigations were made on 32 rabbits. The animals received daily 10,000 units of vitamin D2 (0.25 mg. of crystalline vitamin D2).
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received only vitamini1) without cholesterol hardly (hanged at all at the end of the standard time period.
In the control group of animals that received only cholesterol, the intensity of the aortic lipoidosis was generally 2 plus and, less 7,,. fig. 3) .
At autopsy these rabbits revealed differences in the lipoidosis in the aortas similar to the differences observed in the hypercholesterolemia. Whereas the intensity of lipoidosis of the aorta in the (onitrol group could be defined by 2 plus and but rarely by 3 plus, the intensity of lipoidosis in the experimental group could be appraised but by l and rarely by 2 plus, while in a number of experiments no lipoid deposits were observed macroscopically in the aorta ( fig. 2 ). The development of atherosclerotic changes in the aorta in the rabbits receiving phenobarbital was quite markedly reduced: only 1 of 10 rabbits in the group showed 3 plus; in 7 the atheromata were manifest to a medium degree (2 plus), and in 2 to a slight degree (1 plus)
The administration of phenamine (Beiize-(Irine) in the blood was 800 mg. per cent at the end of the experimental period, the maximum coneentration of (holesterol in the blood of most rabl)its that received phenamine increased to 2,100 ing. per cent ( fig. 7) proved to be slight; in 2 cases no lipoidosis was reeorded at all. Blood pressure was systeniatically measured ini these groups of rabbits. The caffeine rabbits exhibited greater fluctuations of blood pressure than the controls. The Amobarbital sodium and chloral hydrate groups of rabbits showed a pronounced lowering of blood pressure and reduced fluctuations.
UInder the influence of soporifics, the behavior of the rabbits changed: they became less agile, indifferent to the surroundings, and inert.
In the amobarbital sodium series after the administration of the drug sleep set in daily, and lasted from 2 to 5 hours. experiments with neodicoumarin plus cholesterol was quite similar to the experiments in the control group (i.e., cholesterol only), but sometimes the degree of lipoidosis was more pronounced.
Different results were obtained when heparim w as administered in addition to cholesterol. In the "heparin" group the degree of lipoidosis of the aorta and other arteries was reduced compared with the group where cholesterol only was administered, or in the group of cholesterol plus dicoumarin, as shown inl figure 11 (borrowed from the material collected by A. P. Efimova, who conducted this part of the investigations).
Hence the data testify that heparin possesses the valuable supplementary property of reducing the development of experimental cholesterol atherosclerosis. Dicoumarin, the other widely used anticoagulant, is devoid of this property.
The influenice of heparin on the development of experimental atherosclerosis was of approximately the same degree when smaller (30 mg.) and larger (60 mg.) doses were used. We have not as yet sufficient material at our disposal to discuss the mechanism by which heparin achieves this effect. It is noteworthy that in the heparin series, the blood concentration of cholesterol was slightly less than in the control series. Consequently, heparin reduces the development of experimental lipoidosis not only through reducing the degree of alimentary hypercholesterolemia, but by means of some other mechanisms as well.
Additional measurements in similar experiments of the phospholipid content have not given any clue to the solution of the problem. The administration of heparin produces substantial changes in the lipoprotein fractions. The injection of heparin causes a marked reduction of the d-lipoprotein fraction both in the experiments on the rabbits and in patients with hypercholesterolemia. The evaluation was made by means of paper electrophoresis. The reduction persists for several hours after the injection and can also be recorded after repeated injections. Experiments with hypoxia were perfornmed on 27 rabbits that were divided into 3 groups. The first group, consisting of 10 rabbits, received cholesterol daily as long as 6 months in comparison with the preceding series of experiments. The second group, comprising 12 rabbits, received cholesterol daily during the same period, and during the last 4 months was kept for 3 to 6 hours daily in chambers with a reduced amount of oxygen (up to 12 per cent). The third group, consisting of 5 rabbits, did not receive any cholesterol; during 4 months they were kept daily for 3 to 4 hours in chambers with a reduced amount of oxygen. The cholesterol level of the blood was analysed in each rabbit twice a month. At the end of (6 months the rabbits were killed, and their aortas, coronary arteries, and myocardium were studied morphologically.
Under the influence of oxygen starvation, the cholesterol content in the blood of the rabbits that received cholesterol rose much more than in the control group receiving the same doses of cholesterol, but not subjected to oxygen starvation. The factor of anoxia appears to have a drastic effect on the endogenous mechanisms of metabolism, which results ini insufficient assimilation of cholesterol administered with food, and accumulation in the blood in greater quantities.
In conformity w'ith the changes in blood cholesterol, oxygen starvation resulted in a pronounced lipoidosis of the aorta and the coronary arteries of the heart (figs. 12 and 13). The aortas of this group of rabbits were covered with atherosclerotic atheromas confluent one 'ith another and prominent above the surface of the intima. In most experiments atherosclerosis of the coronary arteries was also markedly reduced in those rabbits kept in low oxygen chambers.
In the rabbits receiving cholesterol and kept in low oxygen chambers the myocardium showed disseminated necrosis that was confluent in several areas. In most cases these necroses were subendocardial and greatest in the left ventricle, notably in the papillary muscles. Atherosclerosis of the aorta and coronary arteries was much less pronounced in the rabbits that received only cholesterol- FIG, 12. Atherosclerosis of the aorta in rabbits. Top, in cholesterol-fed rabbits. Bottom, in cholesterolfed rabbits that were kept, in chambers with reduced oxygen content. The rabbits that received no cholesterol bot were kept in chambers with a reduced amount of oxygen exhibited no signls of atherosc(lerosis of the aorta or coronary arteries; small proliferations of histiocytes occurred, however, in the myocardium.
The experiment vith physical exercise was performed on 43 rabbits of the same breed. They were divided into 3 groups. The first group of 10 rabbits, the controls, re(eived cholesterol only for 6 months; the second group, nuumbering 25, received daily for the same period (holesterol and physical exercise ill an electric treadmill initil signs1 of marked fatigue alpeared; the third group of 8 rabbits received no cholesterol b)ut was sul)jected daily to the same physical exercise for (6 mouths. lE'xaminiationi of the experimental animals was condtucted in the same way as in thle grotip of rabbits subjected to anoxia.
The rabbits subjected to physical exercise as well as cholesterol feeding showed a marked decrease of the blood cholesterol as compared with the group of rabbits that onlyl received 
CONCULUSIONS
This research has supplied us with convincing proof that it is quite possible to change the course of development of cholesterol atherosclerosis under experimental conditions. We have become convinced that a number of chemical substances, including food (vitamins) and medicinal (neurotropic drugs and anticoagulants) drugs may either lessen or increase the development of atherosclerosis.
Apart from this, we have become convinced that such general physiologic factors as anoxemia and physical exercise may also affect the course of the atherosclerotic process in experiments. These factors are of importance for prophylaxis and therapy in that they decrease and retard the development of atherosclerosis. These effects may be considered useful to some degree in preventing atherosclerosis in man as well-we attach particular importance to ascorbic acid in this respect.
There is no doubt, however, that negatively acting factors, i.e., influences that intensify atherosclerosis, also appear to play a significant role. From the viewpoint of preventive medicine, certain measures should be avoided in order to eliminate these influences.
In addition to influencing atherosclerosis of the vessels actively, one should bear in mind that it is possible to affect the state of tissues that suffer the uost during the development of atherosclerosis, notably the myocardium. Our research has shown that the cholesterol factor itself, or, to be more precise, the degree of development of atherosclerosis, does not determine to the full the deranged function and structure of the myocardium, although it is a major factor in this derangement. Of particular importance in the development of the pathology of myocardium in the presence of atherosclerosis are supplementary unfavorable factors, such as physical overstrain or anoxia.
The material presents some illustrations pointing to the possibility of influencing the development of experimental atherosclerosis in a purely nervous way, through pharmacologic effects on the higher parts of the central nervous system. If it were possible, even though approximately, to correlate these findings with clinical experience, it would then follow that excessive excitation or stimulation exerts an unfavorable effect in the sense of increasing or hastening the development of atherosclerosis, while reduced excitability of the higher components of the nervous system associated with a state of inhibition acts favorably, tending to retard or decrease the development of atherosclerosis. 
